In the present work, the results of analysis of 10 Libyan honey samples, representing various floral honeys, collected from Benghazi city during different seasons in 2009-2010 were demonstrated. All samples were examined for the physicochemical quality parameters, phenolic compounds and heavy metals contents. The moisture; optical density (O. D.); electrical conductivity; water insoluble solids; ash content; pH; total acidity; hydroxylmethyl furfural (HMF); sugar contents and phenolic compounds content were detected according to AOAC 1990-Official Methods and reference methods. The results were compared with Libyan Standard Legislation and the European Standard Legislation. The obtained results indicated that the quality of the tested Libyan honey samples were very good and worth to the world standard properties of honey. Even more, the tested Libyan honey samples have high level of phenolic compounds content. On the basis of heavy metals content, three metals were determined (Cadmium, copper and lead) using atomic absorption spectrophotometer. The level of each metal-content was variable, which may be due to the conditions of processing, packing and storage conditions of Libyan honey samples.
Introduction
Honey is defined as "the natural sweet substance produced by honey bees from nectar of blossoms or from secretions of living part of plants, which collected by honey bees". Then, they transform and combine their secretions with specific substances of their own, store and leave in honey comb to ripen and mature" [1] [2] [3] .
Honey is produced in almost every country of the word and it has been consumed as a high nutritive and very important energy food. The importance of honey is coming from its composition of a complex mixture of carbohydrates and other minor substances, such as proteins; amino acids; organic acids; minerals and vitamins [4] . On other hand, honey cannot be considered as a completed food for human nutritional, but it offers potential as a dietary supplement [5] .
Few studies were done about the Libyan honey; one of these studies was done by Owayes A. to determine the criteria of Libyan Eucalyptus honey. This study detected some of physicochemical properties, such as moisture; electrical conductivity; color; sugar content; total proteins content and insoluble solids. This study was confirmed that the Eucalyptus Libyan honey has a very good quality. In other words, the results of this work were found within the limits set by Codex Alimentarius standard for honey and European Standard legislation [6] .
The antibacterial activities of four types of Libyan honey were also examined [7] . This study observed that Libyan honey samples were affective against five species of human pathogenic bacteria isolated from burns. The antibacterial activities of honey samples were proportional to the honey samples concentrations.
In addition, El-Aaab M. E. and Al-Amrone A. Y. had demonstrated that the honey can be used as a marker for the environmental contamination by certain metals in some honey samples collected from different regions in the East of Libya [8] . The researchers in this study found that the concentrations of the metals such as cadmium, copper and lead were varied in the different honey samples, due to differences in honey types, the geographical regions and the weather of each region. They also found that all the collected honey samples were contaminated with cadmium and copper, because the concentrations of these metals were higher than limits set by Libyan legislations [8] .
Since, there is no enough scientific published information about the quality and characteristic properties of Libyan honey.
This work aimed to determine the main quality criteria of various floral honey samples produced in Benghazi city, via estimating the typical physicochemical parameters as indicators of maturity, purity and also the content of some heavy metals as indicators for the environmental pollution.
Experimental Part

Honey Samples
Ten different samples of uniflora and multiflora Libyan honey (about 250 g for each) were collected during 2009-2010 seasons from beekeepers in Benghazi. The information concerning botanical data; location; local name and periods of collection were recorded in Table 1 . These samples were placed in clean and dry glass bottles and kept at room temperature away from direct light until analysis.
Visually all honey samples showed no sign of fermentation or granulation before initiating the physicochemical analysis.
Procedures
Physicochemical Analysis
The samples of honey were analysed to determine moisture; optical density; specific gravity; electrical conductivity; water insoluble solids; ash content; pH; total acidity; Hydroxymethyl furfural (HMF); sugar; polypheonls and heavy metals contents. All the chemicals and reagents used in this work were of analytical grade.
Water content (moisture) of honey samples was determine according to AOAC method [9] by measuring the refractive index of honey using Bellingham and Stanley model Abbe-type refractometer.
Water insoluble solid contents in honey were determined by following Sigth N. and Bath P. K. method. The result expressed in percentages [10] .
The specific gravity of honey samples were determined by dividing the weight of certain volume of honey sample to the weight of the same volume of water at constant temperature [10] .
The Color of the honey samples was detected by measuring the optical density without honey dilution at 420 nm, using a single beam Spectrophotometer (UV-VIS Spectrophotometer, SPECORD 40, Analytik Jena, Germany) [10] .
The electrical conductivity of a solution containing 20 g honey in 100 mL distilled water is measured using an electrical conductive cell (Conductometer: Connet 2 Conductivity Meter with ATC-HANNA-Instruments). The conductance is read in mS/cm after temperature equilibrium has been reached [11] .
The ash content is obtained by ashing the honey at a high temperature, using electrical furnace and the ashing procedure is continued until constant weight is reached [9] .
pH, Free acidity and total acidity: the pH of honey samples was measured using pH-meter (Ino lab WTW) equipped with glass combined electrode (pH-electrode sen Tix 61-B023009AP017), in a solution prepared by dissolving 5 g of honey in a small volume of water, the solution is then quantitatively transferred to a 50 mL volumetric flask and filled to the mark with CO 2 -free distilled water [9] . The free acidity (F. A.) and total acidity (T. A.) of honey was determined by potentiometric titration method using 0.1 N NaOH [9] .
Sugar Content: reducing sugars (glucose, fructose) and apparent sucrose contents were determined by potentiometric titration using the Fehling's reagent [9] .
Hydroxymethyl furfural (HMF) is determined by dissolving 5 g of honey sample in 25 mL dist. Water. The obtained solution is treated with a clarifying reagent (0.5 mL of 15% Potassium ferrocyanide and 30% Zinc acetate), then the volume is diluted to 50 mL with dist. water. The absorbance of the filtrated is measured at 284 and 336nm against an aliquot of the filtrate treated with 5 mL 0.20% bisulphite solution. The HMF content (in mg/100 g honey) is calculated using Equation (1) 
The heavy metals content (cadmium, copper and lead) was determined using Atomic Absorption Spectrophotometer (AAS). 1 g of honey sample was placed in a small beaker and then 10 mL of concentrated nitric acid was added. The sample was heated on hot plate, until the evolving of brown fumes is stopped. 2.5 mL of hydrogen peroxide is added, and then the digest is transferred to 100 mL volumetic flask with deionized water. After centrifugation at 2000 rmps for 5 min, the solution is used to determine Cd, Cu and Pb using AAS (Varian SpectAA-10 plus atomic absorption spectrophotometer equipped with a deuterium lamp for background correction and hollow-cathode lamps for each of the studied element), at appropriate wavelength ( Table 2 ). The heavy metals content is determined using calibration curves of the different metal ions (Cd, Cu and Pb) [12] .
The content of phenolic compounds in honey samples was assayed using Folin-Ciocalteu (F-C) reagent [13] . 20 g of honey is dissolved in 100 mL deionized water. 20 µL of the honey solution is then pipette into small tube and diluted with 1.58 mL water and mixed with 100 µL of F-C reagent (2N reagent available from sigma-Aldrich, Milan, Italy Company). The content of tube is mixed well using vortex mixer and allowed to react for 30 min. Then 300 µL of 20% (w/v) sodium bicarbonate solution was added. After incubation for 30 min at 40˚C the absorbance is measured at 276 nm against blank solution. The Tables 3-6 show the results, expressed as mean (± s.d.) obtained from analysis of 10 Libyan honey samples (collected from the beekeepers in Benghazi city and harvested during 2009-2010 seasons). The tables included the results of physicochemical properties, sugar contents, levels of some heavy metals and phenolic compounds in ten libyan honey samples. The obtained data could were discussed and compared with the Libyan Standard legislation [14] as the following.
Results and Discussion
Physicochemical Analysis
Moisture content of the honey samples depends on the environmental conditions and the manipulation from beekeepers at the harvest period, and it can be changed from year to year [15] . Increases the moisture content of sample leads to decrease in its resistance against fermentation and also lead to crystallization in certain type of honey. Abu-Tarboush H. M. et al. reported that the moisture content of honey should be located in the 13.4% -18.0% range [16] . The moisture content of Libyan honey samples ranged from 13.3% (sample 5) to 17.2% (sample 7) ( Table 3 ). In fact, the Libyan Standard Legislation required ≤17% of moisture content in the honey [14] .
The moisture content of all Libyan honey samples are less than detectable limit except sample 7. However, the European Legislation required ≤20% moisture content in honey for safety against fermentation [2] . The level of moisture contents of Libyan honey samples indicates good ability of these samples. The Specific gravity values, for the honey samples, ranged from 1.2081 to 1.2270 (Table 3) . Although the specific gravity property has not legislated by the Libyan standard legislation and the European legislation [2, 14] , Singh N. and Bath P. K. mentioned that the variation in specific gravity may be attributed to the variation in chemical composition [10] .
The electrical conductivity of honey samples depends on the contents of inorganic salts; organic acid; proteins; complex sugars and polyols, in addition to mineral contents [10] . The electrical conductivity of Libyan honey samples ranged 0.29 -0.74 mS/cm. These values are agreed with the limit sets by European Legislation (<0.8 mS/cm) [2] , which indicated that all honey samples are from nectar honey [17] .
Ash content of honey is depended on the flora type used and the material collected by bees. Ash content is a Libyan standard legislation <5 % quality criterion for honey botanical origin [10, 16] . The ash content in different Libyan honey samples were different widely and ranging from 0.14% to 0.43%. Sample 7 has the highest ash content (0.43%) when compared with the other samples. The ash content of the Libyan honey samples fell with the requirement of Libyan legislation for honey (<1%) These results indicated the clearness of honey samples and possibly lack of adulteration with molasses [5] . The water insoluble solid content represents the suspension wax particles, insect or vegetable debris [18] . The water insoluble content of all sample are below the limit sets at 0.1% by Libyan Legislation.
The pH values of the sample were low and ranged from 3.56 to 4.99 ( Table 3 ). All samples were acidic and reflect the ability of honey to inhibit the presence and growth of microorganisms. As the maximum limit for pH value of honey had set at 5 [1] , however, all samples full within this regulation. The content of total acidity of honey is due to the presence of organic acids particularly the gluconic acid and its ester or lactone forms, in addition to the presence of inorganic ions such as phosphate and chloride ions [19] . The low value of total acidity indicates the absence of undesirable fermentation. For the honey samples under investigation, sample 3 shows the highest value of total acidity (24 meq/kg) and sample 7 shows the smallest value (10 meq/kg). These total acidity values for the Libyan honey samples were not excessed the limits set by Libyan Standard Legislation and European legislation (≤50 meq/kg) [2, 14] . High acidity can be indicative of fermentation of sugars into organic acids.
HMF content is formed via dehydration of hexose sugars in acid medium [10, 20] . Several factors, such as temperature; time of heating during processing; storage conditions; aging of honey product and sources of flora, were found to influence the HMF content in honey [17] . HMF provides an indication to the degree of freshness of honey [6, 17] , overheating and storaging in poor conditions [21] . The legal regulation of Libyan honey sample sets a maximum HMF of 40 mg/kg, meanwhile, the maximum level limit sets by European legislation [2] is 80 mg/kg. All honey samples have HMF content values lower than the maximum limit sets by both Libyan standard legislation and European legislations ( Table 3) . The low levels of HMF in Libyan honey samples indicate a high degree of freshness.
The color of honey samples varied from light to dark yellow. Several publications mention that the honey color depends on various factors, being the mineral content; ash content [22] [23] [24] and active pigments such as carotenoids and flavonoids [23, 24] . Singh N. and Bath P. K. reported that HMF content in honey corroborated well with the color value measured as Optical Density (O. D.) at 420 nm [10] . Different procedures were used to measure the O. D. and color of the honey. Gomes S. et al. have classified the color of honey according to Pfund scale [17] . In the other hand, Owayss A. was measure the O. D. of honey by measuring the absorbance of filtrate supernatant of 10% honey sample (in dist. Water) at 530 [6] . The O. D. of the Libyan honey samples ranged from 0.666 to 2.509 ( Table 3) . Reducing sugars, mainly fructose and glucose, represented the largest portion of honey composition. The summation of the percentages of fructose and glucose contents gives values above 65% (the minimum limit sets by both Libyan Standard Legislation and European legislation in all Libyan honey samples under investigation (Table 4) [2, 14] . Non-reducing sugars (apparent sucrose) are set to be ≤5% by Libyan Standard Legislation. High sucrose contents could be the result of an early harvest of honey, as the sucrose has not been converted to fructose and glucose [25] . In our case, the levels of sucrose for all Libyan honey samples under investigation are less than 5% ( Table 4) .
Metal Content Analysis
As the Libyan Standard Legislation for honey does not set a maximum limits for the presence of metals in honey, so noticeable contents of heavy metals means contamination with these metals. In this work, Metals such as cadmium, copper and lead were analyzed in all honey samples ( Table 5) .
The presence of cadmium in Libyan honey samples gives an indication of contamination probably from the processing equipments. All Libyan honey samples under investigation were free from cadmium except sample 2 and sample 3. According to the maximum limit for cadmium content sets by European Legislation (0.1 mg/kg), all Libyan honey samples were free from cadmium metal contamination [2] .
Lead was detected in sample 1 (0.02 mg/kg), sample 2 (0.06 mg/kg) and sample 7 (0.03 mg/kg). According to the Libyan Standard Legislation, these three samples were contaminated with Lead. However, these levels were less than the maximum limit sets by European Legislation (1 mg/kg) for lead in honey.
Copper is one of the essential metals that present in small amount in honey. It is not toxic if it is present in a limited amount. Although Libyan Standard Legislation of honey recommended the absence of copper metal, it was detected in all honey samples. Its concentration was ranging from 0.80 mg/kg (sample 9) to 10.40 mg/kg (sample 2). Italian legislation [26] for the presence of copper metal in honey sets a limit at 0.216 mg/kg. According to Italian legislation, all the honey samples under investigation were contaminated. This contamination of copper may be come from pesticides or from water that kept in containers made of copper metal. In other hand, the Nigerian regulations [11] has set a limit of 35 mg/kg for the presence of copper-metal content in honey sample, that's mean that copper metal contents of Libyan honey samples much lower than this permissible limit.   Conductivity 1.74 Ash content % 0.14    (2) non-enzymentic antioxidants including: glucose oxidase, catalase, ascorbic acid, flavonoids, phenolic acid, carotenoid derivative, organic acid, amino acid and proteins. Beretta G. et al. reported that the content of phenolic acids in various honey types ranged at level of 6.7 -79.0 mg gallic acid/100g of hone and honey samples from strawberry tree contain the highest phenolic content and antioxidant activity [27] .
The values of electrical conductivity either experimentally measured and calculated values were shown in Table 8 . The comparison between these values gives low relative error (Er < 20) except for sample 1, 5 and 7. Oways A. recommended that ash content could be kept a quality factor during a transition period, until conductivity is accepted as a word wide standard [6] . The total phenolic content was determined in Libyan honey samples by a modification of Sangrichan S. and Wanson W. method [13] . The total phenolic contents were found in the range of 49.0 to 94.0 mg gallic acid/ 100g sample ( Table 6 ), indicating that Libyan honey samples have high phenolic contents and high antioxidant activity.
A positive correlation was also obtained between specific gravity and heavy metal contents. Although specific gravity has not legislated by the alimentary standard regulation committee in the world, so this correlation should take into account for further study.
Conclusion
Correlation between the Physicochemical Parameters
The physicochemical analysis of the honey samples under investigation generally agree with national and international honey legislation, which indicated that the honey samples were of good quality and had acceptable value of maturity, purity, cleanness and freshness. Analysis of heavy metal contents indicated that the all honey samples were contaminated with copper, as well as few sample were contaminated with cadmium and lead. The Libyan Standard Legislation 1995 not been legislated some of important criteria for honey such as pH, electrical conductivity, level of heavy metals contents.
